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Universal mass limits on gluino and third- general ion squarks in 
the context of Natural-like SUSY spectra 

O. Buchmueller^, J. Marrouche^ 

''High Energy Physics Group, Blackett Laboratory, Imperial College, 
Prince Consort Road, London, SW7 2AZ, UK 

In this paper, we present results based on a combination of four inclusive topology searches for supersymmetry 
(SUSY) from the CMS experiment, and use this to determine universal mass limits on gluino and third-generation 
squarks in the context of Natural-like SUSY spectra. This class of sparticle spectra is inspired by the argument 
of naturalness, which originates from both consideration of fine-tuning arguments, and the need to satisfy current 
experimental search constraints. The class of Natural-like SUSY spectra considered follows the typical Natural 
SUSY model made up of a gluino, third-generation squarks, and higgsino sparticles, but is extended to more 
complex spectra containing sleptons. We show that the limits obtained from the combination of inclusive topol- 
ogy searches are far more stable than those from individual searches, with respect to the assumed underlying 
complexity of the spectra, and hence these limits can be considered as universal mass limits on gluino and third- 
generation squarks, defined in the context of this broad class of Natural-like SUSY spectra. Furthermore, we 
present our results using a simple colour scheme that allows a straightforward interpretation of any Natural-like 
SUSY spectrum with our limits. 

Complementing the final results of the 2011 searches based on 5 fb~^ of integrated luminosity, with the first 
published results from the 2012 searches using approximately 11 fb~^, we find that gluinos with a mass of 
rrig ~ 1050 GeV and third-generation top and bottom squarks with masses of mgg ~ 575 GeV are excluded for 
low masses of the lightest SUSY particle (LSP). These limits weaken to nig ~ 600 GeV and m^-Q « 450 GeV, when 
the mass of the LSP is increased to several hundred GeV. Based on this result, we establish a prediction of how 
these limits might evolve when the full 2012 data set is analysed, with both the CMS and ATLAS experiments 
combined. This outlook suggests that for low masses of the LSP, gluinos with a mass of rrig « 1150 GeV and 
third-generation squarks with masses of m^-Q « 675 GeV are likely to be excluded. For high LSP masses, these 
limits are expected to decrease to rrig « 650 GeV and m^-Q « 500 GeV. Therefore, despite the fact that the LHC 
already probes a significant region of the SUSY parameter space, Natural SUSY scenarios based on rather stringent 
fine-tuning requirements may not be fully excluded by the data taken so far. This suggests that additional data 
is needed, to be recorded during the higher energy running of the LHC expected in 2015. The importance of 
combining relevant inclusive topology searches, in order to make the most universal interpretations possible, is a 
general recommendation for future experimental searches at the LHC. 



1. Introduction 

The landscape of supersymmetry (SUSY) 
searches has changed significantly since the Large 
Hadron Collider (LHC) at CERN began physics 
operation in 2010. Up until the end of 2011, the 
two general purpose experiments CMS and AT- 
LAS had each collected approximately 5 fb^^ of 
integrated luminosity at a centre of mass energy 
of 7 TeV, and in 2012 a further 20 fb~^ was col- 
lected per experiment, but at a centre of mass 
energy of 8 TeV. While the full analysis of the 



2012 data set is currently ongoing, both exper- 
iments have completed their SUSY searches for 
2011. So far, no significant evidence for physics 
beyond the Standard Model (SM) has been found. 
Instead, the impressive number of SUSY searches 
have produced increasingly stronger limits on 
coloured super-particles (sparticles) decaying to 
missing energy iljiSi, placing tight constraints on 
the available SUSY parameter space. 

However, the recent discovery of a Higgs-like 
resonance at the LHC [6] is favoured by SUSY, 



in that its mass value of around 125 GeV falls 
within the narrow window allowed in the frame- 
work of the Minimal Supersymmetric Standard 
Model (MSSM), of between 115 and 135 GeV (7|. 
This discovery, together with the observation of 
no direct experimental evidence for SUSY so far, 
has resulted in a shift of SUSY benchmark sce- 
narios away from constrained SUSY models like 
the CMSSM JsK and towards models of Natu- 
ral SUSY (9)|l0]. These models avoid the di- 
rect search constraints from the LHC by assum- 
ing that the first and second generation squarks 
are very heavy, while at the same time postu- 
lating that the third-generation squarks are well 
below 1 TeV, in order to maintain the ability to 
solve the hierarchy problem |11 without signifi- 
cant fine-tuning. 

Several phenomenological interpretations of re- 
cent experimental searches in the context of 
Natural SUSY models have already been per- 
formed 
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These interpretations are more com- 
plicated than those using bounds on constrained 
models like the CMSSM, where current limits 
are probing the 1 TeV mass scale and beyond. 
This is because the universality relations imposed 
on the soft SUSY-breaking parameters in these 
constrained models restrict the phenomenology, 
such that they are not representative of the entire 
MSSM parameter space. This means that these 
limits cannot be used to draw conclusions on the 
current allowed mass regions for the gluino and 
third-generation squarks in Natural SUSY mod- 
els for instance. For this reason, the CMS and 
ATLAS experiments are now also providing in- 
terpretations in so-called simplified model spec- 
tra (SMS) scenarios (l3]. These models are char- 
acterised using a Hmited set of SUSY particles 
(production and decay) and thus enable studies 
of individual SUSY event topologies. They are 
not constrained by limitations on fundamental 
kinematic properties such as decay modes, pro- 
duction cross sections, and sparticle masses. A 
general application of these SMS limits to an arbi- 
trary SUSY spectrum like Natural SUSY requires 
SMS limits of all relevant production and decay 
topologies to be considered. These are often not 
all available or only approximated, and combining 
these in order to obtain the limit for a given spec- 



trum is cumbersome and time consuming. For 
these reasons, in this paper, we interpret the lat- 
est experimental results in the context of Natu- 
ral SUSY models by generating signal events us- 
ing PYTHIA[14i , and passing them through the 
DELPHES 15 detector simulation package, with 



an appropriate data card emulating the response 
of the detector. Within our framework, we then 
implement the constraints of the relevant exper- 
imental searches to obtain yields in the respec- 
tive signal regions. These signal yields are then 
confronted with the SM background yields and 
observations in data, as reported by the experi- 
mental searches, to set the appropriate limits on 
the gluino and third-generation squark masses. In 
order to have a consistent set of inclusive topol- 
ogy searches, and because of the familiarity of 
the authors with the CMS experiment, we confine 
our work to a representative set of CMS analy- 
ses spanning multiple final-state signatures. We 
would like to point out that the same program of 
work would be possible with a study combining 
a consistent set of relevant ATLAS searches. In 
fact in previous work, searches from ATLAS have 
also been reinterpreted in a similar fashion within 
this same framework 
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As we will see, for individual topology searches, 
the mass limits strongly depend on the complex- 
ity of the assumed underlying sparticle spectrum, 
thus preventing a model independent conclusion. 
However, when combining the most important 
topology searches, it is possible to establish lim- 
its that are almost independent of both the exact 
sparticle content and the allowed decay chains of 
the Natural SUSY model. We find that after com- 
bination of the search results, gluino and third- 
generation squark mass limits only depend on the 
assumption made about the mass of the lightest 
SUSY particle (LSP). Therefore, these limits can 
be expressed as a function of the LSP mass, ex- 
hibiting a similar dependence to limits defined in 
the context of SMS scenarios. However in this 
case, the limits are representative of a large class 
of Natural-like SUSY models, instead of only one 
simple spectrum and corresponding decay chain. 
Furthermore, preliminary studies also indicate 
that extending our analysis to include the aver- 
age first and second generation squark mass will 



enable universal limits on coloured sparticle pro- 
duction for an even broader class of SUSY spectra 
to be established. We are planning to follow-up 
on this extension in a future publication. 

The paper is structured as follows. In section[2] 
we recall the present experimental search strategy 
for SUSY signatures at the LHC and its evolution 
over the past two years. We also elaborate on 
the importance of combining inclusive topology 
searches in order to obtain SUSY limits that are 
as model independent as possible. In sectionlSlwe 
outline our framework for reinterpretation of the 
considered inclusive SUSY topology searches us- 
ing the DELPHES detector simulation, and also 
validate its performance by comparing our re- 
sults with published limits from the experimental 
searches. In Section l4J we define different charac- 
teristic Natural-like SUSY spectra, which we use 
to show the strong dependence of limits obtained 
from individual topology searches, based on the 
underlying complexity of the assumed sparticle 
spectrum. In the same section, we explain in de- 
tail how this dependency can be greatly reduced 
by simultaneously considering the most relevant 
topology searches to establish combined limits. In 
Section [Sj we establish limits on the gluino and 
third-generation squark masses that are valid for 
a large class of Natural-like SUSY models. To 
determine the residual dependencies of the cal- 
culated gluino and third-generation squark mass 
limits based on the complexity of the sparticle 
content, our spectrum assumptions and hence al- 
lowed sparticle content and decay chains, are var- 
ied systematically to establish an uncertainty on 
the mass limits. For the combined approach these 
uncertainties are rather small, and using modi- 
fled versions of the famous SPS SUSY benchmark 
points 17 we illustrate that the limits are indeed 



2. Experimental Search Strategies 
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valid for more complex spectra. We also provide 
an outlook of how these limits might evolve when 
the full 2012 data set has been been fully analysed 
by both the CMS and ATLAS experiments. We 
conclude in Section l6J summarising our findings 
and provide a general recommendation for future 
experimental SUSY searches at the LHC. 



Assuming that R-parity is conserved 
SUSY particles such as squarks and gluinos are 
produced in pairs at the LHC and decay to the 
lightest SUSY particle (LSP), which is generally 
assumed to be a weakly interacting massive parti- 
cle. This results in a final state signature which is 
both rich in jets and contains a significant amount 
of missing transverse energy. Depending on the 
details of the production mechanisms and decay 
chains involved, the general signature of jets and 
missing transverse energy can be accompanied by 
leptons and/or photons in the final state. For the 
studies in this paper, we assume that the LSP is 
the lightest neutralino, xj. 

For the first data taking campaign of the 
LHC in 2010, both the CMS and ATLAS ex- 
periments developed inclusive topology SUSY 
searches, which were characterised per event by 
the amount of missing transverse energy, the 
number of jets and hadronic activity, and the 
number of leptons as well as photons in the fi- 
nal state. This categorisation enabled the search 
strategy to be as model independent as possible, 
since the SUSY production cross sections at the 
LHC mainly depend on the masses of the par- 
ticles considered (to a good approximation). At 
the same time, this also provided good sensitiv- 
ity to a large variety of different SUSY production 
and decay topologies. For illustration, the 2010 
CMS SUSY search categories are summarised in 
Table m 

In this approach, a SUSY model would typi- 
cally appear in several of the search categories, 
providing the possibility to cross check a signal 
hypothesis using different searches, each of which 
have different sources of systematic uncertainties 
and vastly different SM backgrounds. Such an ob- 
servation would therefore provide the confidence 
needed to establish a significant deviation from 
the SM hypothesis, and claim discovery of a new 
physics process with a missing transverse energy 
signature. In the absence of a signal however, 
mass limits on sparticles, such as squarks and 
gluinos, are in general only weakly model depen- 
dent when all relevant topology searches are com- 
bined, providing the most stringent limits. 
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Table 1 

An overview of the CMS SUSY search strategy as defined in 2010. 



The aspect of combining different search 
topologies to not only obtain the best but also the 
least model dependent limits on sparticle masses 
was less relevant in the first two years of LHC 
data taking. This was because limits were placed 
in constrained models like the CMSSM. In this 
class of model, the squarks are nearly degener- 
ate in mass and therefore the exclusion of pa- 
rameter space is mainly driven by gluino produc- 
tion, and the first (and to a lesser extent second) 
generation squark production. These processes 
possess the largest production cross sections in 
proton-proton collisions, and therefore the zero- 
lepton (and to a lesser extent the one-lepton) in- 
clusive search, dominate the exclusion of param- 
eter space, as they possess the highest sensitivity 
to these signatures. For this reason, a combina- 
tion of all topology searches would not result in a 
vast improvement on the current limits and exclu- 
sion of parameter space, although the most strin- 
gent limits could only be obtained in this way. 

However, while the combination of the inclu- 
sive topology searches would not be vastly bene- 
ficial for SUSY models with almost degenerate 
squark masses like the CMSSM, it is essential 
for Natural-like SUSY models in which the first 
and second generation squarks (i.e. the driver 
of the limits in the CMSSM) can be much heav- 
ier. This means that the limits on the SUSY pa- 
rameter space relevant for Natural SUSY models 
(i.e. gluino and third-generation squark masses) 
depend more strongly on the details of the un- 
derlying sparticle spectrum. Thus, a priori, it 
is not clear which inclusive topology search, or 
set of inclusive topology searches, would be most 



relevant for SUSY models in which the first and 
second generation squarks are decoupled from the 
third-generation. As we will show in this paper, it 
is critical to combine all relevant inclusive topol- 
ogy searches in order to obtain limits on sparticle 
masses in Natural-like SUSY models which are 
not only the most sensitive, but also the least 
model dependent. 

Today, the experimental strategy is still mainly 
centred around inclusive topology searches, but 
in contrast to the early searches of 2010 and 
2011, many of these searches are now also fo- 
cussing on b quark jets in the final state, as mo- 
tivated by the potential decay signatures of ei- 
ther gluino induced or direct production of third- 
generation squarks. Furthermore, to meet con- 
cerns of insufficient focus on top and bottom 
squark searches, CMS and ATLAS have both 
launched a significant campaign to establish ded- 
icated searches explicitly tailored to the produc- 
tion of third-generation squarks. These searches 
however, are strongly dependent on the assumed 
production and decay mechanisms, and therefore, 
although they are playing a more prominent role 
in the experimental search strategy, it remains 
unclear if they provide the most effective way to 
search for these particles. We will comment fur- 
ther on the importance of these new dedicated 
third-generation squark searches for experimental 
search strategies in the conclusion of this paper. 



3. Reinterpretation of inclusive SUSY 
searches 

In order to perform an analysis of the Natural- 
like SUSY models to be considered for this paper, 
we have developed a framework based around the 
DELPHES detector simulation, which enables us 
to predict the signal expectations from multiple 
experimental searches, and interpret these expec- 
tations when combined with the SM background 
estimates and the LHC data as reported by the 
individual experimental searches. We do this by 
first generating events for a particular SUSY par- 
ticle spectrum using the PYTHIA event genera- 
tor. These events are then processed using the 
DELPHES fast detector simulation with an ap- 
propriate card to emulate the response of the 
CMS detector. We use NLO cross-sections ob- 
tained using PROSPINO 19j throughout this pa- 
per. We then refer to journal publications in or- 
der to replicate the analyses and hence estimate 
the signal yields for each signal region of the fol- 
lowing CMS searches: ar |1 , Lp pi, opposite- 
sign dilepton [s], and same-sign dilepton \? . All 
these searches are published using the entire 2011 
dataset at -y/s = 7 TeV. We make no attempt to 
reproduce the SM background estimates as these 
are normally data driven and rely on a deep un- 
derstanding of the detector. Finally, we combine 
the signal yields, background estimates, and data 
observation and test the overall significance using 
the CL, test statistic 
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In order to validate the DELPHES detector 
simulation for our purposes, and also the imple- 
mentation of the searches within our framework, 
we resort to trying to reproduce the reported 
CMSSM limits in the (toq, 1121/2) plane for each 
analysis. We do this by scanning along the re- 
ported 95% confidence level limit curves for each 
analysis in the {rriQ, rMi/2) plane, using our frame- 
work to calculate the corresponding CLg exclu- 
sion confidence. Comparing this to the reported 
exclusion limits provides a stringent validation of 
our machinery in different parts of the CMSSM 
parameter space, where different production and 
decay chains are of relevance. For example, at 
low mo, the limits are mainly driven by squark- 
squark production, typically yielding dijet final 



states, while at medium values of toq, squark- 
gluino production dominates with 3-4 jets. At 
high values of TOq, the limits depend mainly on 
the gluino-gluino production mechanism, leading 
to jet multiplicities above four. Therefore, scan- 
ning in this plane is a good overall test for how 
effective our framework can reproduce the ex- 
perimental searches for very different kinematic 
topologies of transverse missing energy signatures 
with different final states. An example of this 
scan in the (ttt-Oi "^1/2) plane for the ar inclusive 
search is shown in Figure [I] As can be seen, each 
of our chosen test points closely reproduce the 
95% confidence level exclusion reported for this 
search. 

The complete results of this validation exercise 
for all searches are shown in Figure l2J Figure [2(ay 
shows the calculated confidence level using our 
framework for each of the test points considered 



as a function of toq, while Figure 2(b) shows these 
same test points projected onto the confidence 
level axis. 

No significant systematic biases are observed, 
and the overall level of agreement achieved is used 
to determine a conservative estimate on the up- 
per and lower bound on the definition of the 95% 
confidence level in our analysis. This is shown 



by the two solid lines in Figure 2(a) and the 
grey band in Figure |2(b)[ The variation ranges 
maximally from a confidence level of 88% to 98%, 
but is mostly well contained within a few percent 
around the expected confidence level of 95%. In 
the following, we assume that we are able to re- 
produce the experimental exclusion limits within 
95% 



+3% 

-7%- 



These uncertainties are later translated 
into uncertainties on extracted mass limits. 

Besides generally validating our framework 
for different production mechanisms and decay 
chains within the context of the CMSSM, it is also 
critical to perform a dedicated validation of the 
emulation of the b-tagging algorithm, which plays 
a crucial role in searches for third-generation 
squarks. For this, we revert to information pro- 
vided in the right hand panel of Figure 2 of the 
same-sign dilepton search publication p], which 
shows the jet transverse momentum dependence 
of the b-tagging efficiency as used by CMS. This 
is representative of all the b-tagging algorithms 



used in the searches we consider, as the efficiency 
and mis-tagging rates are very similar or identi- 
cal to what is reported in this paper. We use this 
information to tune the corresponding b-tagging 
algorithm within the DELPHES detector simu- 
lation, and as Figure l3] shows, the jet transverse 
momentum dependent efficiency of the CMS b- 
tagging algorithms can therefore be well repro- 
duced using our framework. 

Finally, in order to obtain a combined confi- 
dence level over all searches, we build a com- 
bined likelihood out of the individual likelihoods. 
By design of the individual topology searches, 
there is no event overlap, and hence we treat 
these searches as statistically independent from 
each other. Furthermore, since the information is 
not available, we apply no correlations for com- 
mon systematic uncertainties. However, the typ- 
ical size of these uncertainties when compared to 
those relevant for our analysis suggests that the 
final results of our studies are not impacted by 
neglecting these correlations. 

That being said, we would like to stress that 
the limits which will be quoted in this paper do 
not represent actual experimental limits. In or- 
der to achieve the most precise estimate of these 
limits, a careful consideration of all systematic 
uncertainties on the signal acceptance, and their 
corresponding correlations, need to be taken into 
account. This is a responsibility for the exper- 
imental collaborations and we are not trying to 
replace this important step. Nevertheless, we be- 
lieve that the precision of the limits quoted in 
this paper is sufficient to establish meaningful 
mass limits relevant in the context of Natural-like 
SUSY spectra. 

4. Natural-like SUSY spectra 

The absence of any sign of SUSY at the LHC so 
far, when coupled with the discovery of a Higgs- 
like boson, has focussed the attention of both 
the experimental and theoretical communities on 
new benchmark scenarios defined in the context 
of Natural SUSY. However, in contrast to well 
defined models like the CMSSM, Natural SUSY 
models do not predict a unique sparticle spec- 
trum. Instead, the term Natural SUSY seems 



to mainly refer to a class of SUSY models which 
are defined by a consideration of theoretical argu- 
ments relating to naturalness, as well as by cur- 
rent experimental constraints. On one hand, a 
Natural SUSY spectrum is motivated in order to 
avoid the current direct search constraints from 
the LHC, by decoupling the first and second gen- 
eration squarks from the third-generation ones, 
while on the other hand, it is motivated from the 
theoretical perspective in the form of fine-tuning 
considerations arising from the desire to establish 
natural conditions for Electro Weak Symmetry 
Breaking in a supersymmetric theory i.e. with- 
out too much fine-tuning. Both of these aspects, 
however, are subjective and thus do not lead to 
a well-defined concept for establishing a unique 
Natural SUSY spectrum. 

To overcome this ambiguity we establish a class 
of sparticle spectra, referred to as Natural-like 
spectra, which are inspired from the considera- 
tion of fine-tuning arguments, and comply with 
experimental search constraints. For the former, 
we are guided by the definition of [9], where a 
minimal natural SUSY model is typically char- 
acterised by at least three light third-generation 
squarks with masses well below 1 TeV, a gluino 
with a mass less than about 1.5 TeV, and light 
higgsinos of masses below 0.5 TeV. The stated 
mass ranges fulfill canonical fine-tuning criteria, 
but more importantly they also represent the cur- 
rent sensitivity range of direct SUSY searches at 
the LHC. 

In the following, we define five Natural-like 
SUSY spectra (NS0-NS4) that are used to illus- 
trate important properties of the inclusive SUSY 
topology searches, namely the number and type 
of leptons in the final state, and show how the 
dependence on this can be reduced when com- 
bining the most relevant inclusive searches. We 
also define nigg, as the numerical average of all 
third-generation squark masses in a given spec- 
trum. Table [2] defines the particle hierarchy of 
these benchmark points, where the gluino, third- 
generation squarks, and LSP are taken as free pa- 
rameters in the studies that follow, and there is 
no requirement that rrig > m^Q^ but simply that 
the gluino and third-generation squark masses are 
above the LSP. The mass differences, between the 



> 

(5 



1000 




100 



500 



1000 



1500 2000 



2500 3000 

mo (GeV) 



(a) 



>1000^ 

O : 
— 900 r 



800 r 
700 r 
600 r 
500 r 
400 r 
300 r 
200 r 

100 Li 





CL, Exclusion Confidence 
using our framework 



94 93 93 9Q 95 96 96 



500 1000 1500 2000 
m„ [GeV] 



(b) 



Figure 1. The 95% CLg exclusion confidence limit line as reported by CMS for the ar search (left), and 
the corresponding CLg confidence level calculations using our framework for a set of test points along this 
same line (right). The numbers shown in Figure l(b)\ are given in percent. 



Xo and Xo; and jc^ /iL,R and Xoj are fixed for 
these illustrative spectra to 70 GeV and 40 GeV 
throughout respectively. The effect of breaking 
the mass degeneracies of the Natural-like spectra 
are discussed in the context of a systematic un- 
certainty in Section [5] The complexity in terms 
of sparticle content and relevant decay chains in- 
creases when going from NSO to NS4. For illus- 
tration, the simplest (NSO) and most complicated 
(NS4) spectra are shown in Figure 111 with some 
representative mass values chosen. 

To minimise the impact of statistical uncer- 
tainties in our work, for each of the results re- 
ported in the following, we generate signal events 
corresponding to at least 200fb~ of data, and 
normalise the signal expectations to those as re- 
ported in the publications. 

In order to determine the importance of com- 
bining relevant topology searches, we first per- 
form a calculation of the CL^ exclusion value for 
a set of NS spectra in which the gluino, third- 
generation squarks and LSP masses are fixed to 
the representative values shown in Figure l4l of 
1000 GeV, 700 GeV and 100 GeV, respectively. 
The results of this study are shown in Figure [5) 



The calculated CLs value for individual searches 
varies strongly as the level of complexity increases 
from NSO to NS4 (i.e. going from left to right in 
the plot). While the zero-lepton ut search dom- 
inates the combined exclusion confidence for the 
simple spectra NSO and NSl, decay chains pro- 
ducing leptonic final states become more impor- 
tant as the complexity of the underlying spectrum 
increases (see Table l2| . Only when combining all 
individual searches does the CL^ value remain 
stable as a function of the underlying spectrum 
complexity. 

As a next step, we perform a scan in the 
gluino and third-generation squark mass plane, 
for a fixed LSP mass of 100 GeV, for each of 
the Natural SUSY spectra NS0-NS4. Based on 
this scan, we determine the 95% CLg exclusion 
mass limits for the gluino rUg , or third-generation 
squarks m^Q. The results of this scan are sum- 
marised in Figure [6J The mass limits shown rep- 



resent the cases where the gluino. Figure 6(a) 
or third-generation squark mass. Figure 6(b)[ is 
ruled out, irrespective of other masses in the 
spectra. The size of the shaded band on the 
combination represents the 50 GeV granularity 
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Figure 2. T/ie CL^ exclusion confidence levels as obtained using our framework, for CMSSM test points 
chosen along the reported 95% CLg exclusion confidence level lines for each of the four CMS searches 
in their corresponding (mo, mi/2) planes. Figure \2(a)\ shows the result as a function of tuq, while 
Figure \2(b)\ displays the same information projected onto the exclusion confidence level axis. The two 
lines in Figure \2(a) and the grey hand in Figure \2(h)\ represent the conservative range in which we 
are able to reproduce the experimental exclusion limits. This translates into an overall confidence level 
estimate of 95%^^%. 



of our scan, which dominates in this particular 
case over all other systematic uncertainties. As 
already demonstrated in Figure [5J the relative 
impact of individual searches depends strongly 
on the underlying sparticle content considered, 
whereas the combination of searches is relatively 
stable. While the individual mass limits, both 
for mg as well as m^~Q, can vary by several hun- 
dred GeV between NSO and NS4, the combined 
mass limit is stable, within the uncertainty, at 
around 950 GeV and 500 GeV for rUg and rn^^, 
respectively. Therefore, for the class of spectra 
considered here, these mass limits represent uni- 
versal limits on these quantities in the absence of 
systematic uncertainties, which are discussed in 
Section \5\ 

This reinforces the importance of combining 
relevant topology searches in order to make the 



most model independent interpretations, and is 
one of the important conclusions of this paper. 

5. Limits on gluino and third-generation 
squark masses in the context of Natural- 
like SUSY spectra 

As discussed in Section |4J the combination of 
relevant topology searches is crucial when the 
most model independent interpretation of results 
is required. This section extends on this result by 
addressing the question on what current experi- 
mental search results say on the masses of the 
gluino and third-generation squarks in the con- 
text of Natural-like SUSY models. For this pur- 
pose, we now only consider searches in combina- 
tion, and take the most complicated spectrum, 
NS4, as our benchmark scenario. We also ex- 
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An overview of the sparticle content of the Natural-like SUSY spectra defined in this paper. The most 

important decay chains for each spectrum are also indicated. 
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Figure 4. An illustration of the particle mass hierarchy for the Natural-like SUSY spectra NSO (left) and 
NS4 (right). 



tend our analysis with a more detailed study of 
systematic uncertainties related to breaking the 
mass degeneracies and to changes of the under- 
lying spectrum complexity. Furthermore, a scan 
over the LSP mass is undertaken to determine 
the dependence of the gluino and third-generation 
squark mass limits on this important quantity. 

5.1. Results based on 2011 searches 

As in Section HI we compute universal mass 
limits on the gluino and third-generation squark 
masses irrespective of other particles in the spec- 
trum, as a function of the LSP mass. We present 
our results in the mass plane of the LSP ver- 
sus the gluino and third-generation squarks sepa- 
rately, keeping the format the same as those pre- 
sented in the SMS scenarios by the CMS and AT- 
LAS experiments, to allow for easier comparison 
of limits. We do not provide an interpretation for 
the region where the mass splitting between the 
gluino or third-generation squark mass and the 
LSP is less than 100 GeV. This region is subject 
to significant experimental uncertainties relating 
to signal acceptance, as well as theoretical uncer- 
tainties arising from the modelling of initial state 
radiation, which plays an important role for very 
compressed spectra. The results of this scan for 
the combined 2011 ^/s = 7 TeV CMS searches 



corresponding to 5fb^ are shown in Figure M for 
the gluino (left hand panels) and third-generation 
squark masses (right hand panels). 

The shaded area represents the region of com- 
pressed spectra for which we do not provide an 
interpretation. The solid black lines define the 
±lcr region around the 95% CLg exclusion limit 
on the gluino or third-generation squark masses, 
which are independent of the contribution from 
other sparticle production mechanisms. There- 
fore, these limits do not depend on the details 
of the underlying sparticle content of a given 
Natural-like SUSY spectrum and thus in the fol- 
lowing are referred to as universal limits on the 
gluino and third-generation squark masses. The 
iblcr region is defined by systematic uncertain- 
ties arising from (a) the uncertainty on the def- 
inition of the CLs statistic of 95%+^^°, (b) the 
granularity of our scan in the {rUg^mLSp) and 
(rn^cmLSp) planes, and (c) the effect of vary- 
ing the underlying spectrum assumptions of NS4. 
For (a) and (b), this typically translates into an 
uncertainty of around ±25 GeV each on the mass 
limits. For (c), we vary systematically the mass 
splittings between the ti^2 and 61,2, the x* and 
^L,R, as well as between the Xq, x"^ and Xq- This 
comprehensive variation of the underlying spec- 
trum assumptions allows different decay chains to 
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Figure 5. Determination of the CLs exclusion confidence level for the set of NS spectra defined in this 
paper, in which the gluino, third- generation squarks and LSP masses are fixed to the representative values 
o/ 1000 GeV, 700 GeV and 100 GeV, respectively. The CLs value is plotted as a function of increasing 
underlying complexity (NSO to NS4), shown for the individual searches, and in combination. 



contribute and therefore changes the signal accep- 
tance of the individual topology searches. This 
enables us to obtain an estimate of how well NS4 
represents the class of Natural- like SUSY spectra. 
Depending on the chosen configuration of the un- 
derlying spectrum, as well as on the mass of the 
LSP, this uncertainty, which gauges the model- 
independence of our limits, yields values in the 
range of ±25 GeV to ±50 GeV on the mass lim- 
its. All these systematic uncertainties are com- 
bined in quadrature and are taken into account 
in the final results. As can be seen in Figure [7] 



the consideration of these systematic uncertain- 
ties results in ±lcr regions around the final uni- 
versal limit of up to 100 GeV on the gluino and 
third-generation squark masses, dependent on the 
mass of the LSP. 

Analogously, the black dotted lines define the 
±lcr region in which the gluino (third-generation 
squark) mass might be excluded, when consider- 
ing third-generation squark (gluino) masses above 
the threshold imposed by their universal exclu- 
sion limit (i.e. the ±1(t region defined by the solid 
black lines). In other words, in contrast to the 
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Figure 6. The gluino (left) and third- generation squark (right) mass limits for the set of NS spectra 
defined in this paper, shown for both the individual searches, and in combination. The grey band around 
the combined limits represents the uncertainty to which the combination was determined. 



universal limit defined above, this limit allows for 
additional production mechanisms to contribute 
to the final limit. Although we allow for con- 
tributions from g ~ 3G production as well as di- 
rect higgsino and slepton production in our anal- 
ysis, these processes have no significant impact 
on the final results. In the case oi g — 3G produc- 
tion, the overall cross section is much smaller than 
those for gluino and third-generation squark pair 
production, while for direct higgsino and slepton 
production, the signal acceptance of the inclusive 
searches for the direct production of these sparti- 
cles is negligible. Therefore, in practice, the only 
relevant additional contributions to the gluino 
mass limit stems from direct production of third- 
generation squarks and vice versa. For example, 
for a given LSP mass, the maximal exclusion of 
the gluino mass, represented by the ±la region 
defined by the black dotted lines, is accomplished 
by moving rn^-Q just above its universal limit, 
which is represented by the ±la region defined 
by the solid black lines. In this configuration, di- 



rect third-generation squark pair production can 
contribute maximally, yielding the largest overall 
signal yield for the topology searches. Therefore, 
this provides the most stringent, but spectrum 
dependent, limit on the gluino mass. Conversely, 
the best limit on m^~Q is obtained when the max- 
imally allowed production cross section for gluino 
pair production is reached. 

Based on this categorisation, we define three 
regions in our final limit plots, which we corre- 
spondingly refer to as "traffic light" plots. These 
plots facilitate a very simple interpretation of our 
results and allow for a straightforward interpre- 
tation of any Natural-like SUSY spectrum with 
our limits. As can be seen in Figure [7| the first 
region, referred to as universally excluded (red 
area), reaches up to the —la line of the universal 
limit. We have chosen the —la exclusion contour 
in order to establish a conservative definition of 
this exclusion region. Therefore, a given Natural- 
like SUSY spectrum is universally excluded at the 
95% confidence level if either its gluino mass or 
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Figure 7. Gluino and third-generation limit plots for the 2011 searches. For further details on the colour 
scheme used, see the text in Section [0| Top: The distributions of the SPSms benchmark scenarios in 
the (rng,mLSp) plane (left) and {m^-Q,mLSp) plane (right). Bottom: The 95% mass limits obtained 
by scanning the gluino (left) and third- generation squark (right) mass planes for each of the SPSns 
benchmark scenarios. 
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average third-generation squark mass is located in 
the corresponding red area of our "traffic hght" 
plots. 

The second region (yellow area) extends from 
the —la line of the universal limit to the -flcr 
line of the spectrum dependent limit. A given 
Natural-like SUSY spectrum may or may not 
be excluded at the 95% confidence level if both 
its giuino and average third-generation squark 
masses are located in the corresponding yellow 
area of our "traffic light" plots. In this case, 
the exclusion confidence from the combination of 
topology searches will depend on the details of 
the spectrum, and can only be determined with 
a dedicated calculation. 

The third region (green area) is bounded from 
below by the +lcr line of the spectrum dependent 
limit. A given Natural- like SUSY spectrum is not 
excluded at the 95% confidence level if either its 
giuino mass or average third-generation squark 
mass is located in the corresponding green area 
of our "traffic light" plots, and neither are located 
in the universally excluded region (red area). 

With this three-area approach matching the 
colour code of a traffic light, we have established 
a very convenient and simple way to confront a 
given Natural-like SUSY spectrum with our lim- 
its. In the case where both the giuino and third- 
generation squark masses are located in the yel- 
low region of our limit plots, a spectrum depen- 
dent calculation of the CLs value is required. 
Otherwise, the appropriate conclusions may be 
drawn. 

Based on the analysis of the 2011 searches, 
we find that for low LSP masses, giuino masses 
up to 900 GeV are excluded, reducing to about 
550 GeV by an LSP mass of 450 GeV. When 
considering potential contributions from third- 
generation squark pair production, these limits 
increase to 1250 GeV at low LSP masses, and 
to about 600 GeV by an LSP mass of 500 GeV. 
For the third-generation squarks, masses of up to 
475 GeV are excluded at low LSP masses, falling 
to about 400 GeV by an LSP mass of 300 GeV. 
Again, when considering potential contributions 
from giuino pair production, this limit increases 
to about 675 GeV for low LSP masses in the spec- 
trum dependent case, and falls to 550 GeV by an 



LSP mass of 450 GeV. A summary of these ex- 
clusion limits are provided in the upper third of 
Table l 

5.2. Verification of limit universality us- 
ing historical SPS SUSY benchmark 
points 

To demonstrate the concept of the model- 
independence of our mass limits, we refer to 
the historical SPS flTl SUSY benchmark points, 
as originally motivated in the context of the 
CMSSM. Specifically, we consider the SPSla to 
SPS5 benchmark points as defined in |17 . By 
setting the first and second generation squark 
masses at the multi-TeV scale, we are able to 
interpret these complete and complex spectra in 
the context of Natural-like scenarios. We refer 
to these modified benchmark points as SPSlaArs 
to SPS5jv5. Figure [8] shows the spectrum of the 
famous SPSla benchmark point before and after 
the transformation to SPSlaArs. All SPSats spec- 
tra considered in this analysis are displayed in 
Figure [9) These spectra are based on a complete 
SUSY model and thus exhibit a large variation in 
the underlying complexity. 

First, we calculate for each of these redefined 
SPS points, the CLs exclusion confidence level 
for the combination of all searches considered 
in our analysis. The top panels of Figure [7] 
shows the distribution of these SPSjys spectra 
in the (rrig, itilsp) and {rn^Q, itilsp) planes. The 
solid markers represent exclusion confidence val- 
ues above 95%, while the hollow markers repre- 
sent values below 95%. For SPSlaArs, we calcu- 
late an average third-generation squark mass of 
TOgg = 515 GeV. As can be seen from Figure 7(b) 



this value resides in the model-dependent ex- 
clusion region (yellow area) of our 2011 "traffic 
light" plot, indicating that this configuration is 
not ruled out per se, but could be ruled out, de- 
pending on contributions from gluino-gluino pro- 
duction. Since the giuino mass for the SPSlaArs 
point is rrig = 610 GeV, and is located in the 
universal exclusion region (red area) of our 2011 



limits (see Figure 7(a)), our 2011 "traffic light" 



plot predicts that SPSlajvs is well excluded by 
the combination of the 2011 searches. Calculat- 
ing the CLs exclusion confidence level for this 
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Figure 8. Comparison of the SPSla spectrum before (left) and after (right) the first and second generation 
squarks are moved to the multi-TeV scale. The spectrum shown in the right-hand panel defines SPSla^s 
in the context of Natural-like SUSY spectra. 



spectrum using our framework yields a value 
of 99.7%, confirming that this spectrum is in- 
deed excluded. However, with an average third- 
generation mass of rn^~Q — 770 GeV and a gluino 
mass of TUg — 940 GeV, the SPSlbArs spec- 
trum resides in the non-excluded region (green 
area) and model-dependent exclusion region (yel- 
low area) for third-generation squark and gluino 
masses, respectively. Therefore, based on the in- 
terpretation of the "traffic light" plot, we would 
expect that this spectrum is not ruled out by the 
2011 combination. This is confirmed by a ded- 
icated full calculation of the corresponding CL^ 
exclusion confidence level, which is determined to 
be 90% and hence not excluded. In general, as 
can be seen in Figure 7(a) ) and Figure [7(b)| for all 
SPSats spectra, as expected, the solid markers lie 
within our universal exclusion regions (red area), 
and the open markers lie either in the model- 
dependent exclusion region (yellow area) or in the 
allowed region (green area). This confirms that 
the quoted exclusion limits are also valid for spec- 
tra possessing sparticle complexity which are typ- 
ical of complete SUSY models like the CMSSM. 
As a second validation of our results, we now 
perform a scan in the gluino and third-generation 
squark mass planes of these SPSats spectra, keep- 



ing all other sparticle masses at their nominal 
values. As in the case of the NS spectra de- 
fined in Section [4J we derive 95% exclusion confi- 
dence level limits on the masses of the gluino and 
third-generation squarks. If our limits are indeed 
universal, and properly take into account uncer- 
tainties arising from the underlying complexity, 
we expect that all of the SPSjvs spectra points 
must lie within the ±lcr region (solid black lines) 
defining the universal limit. As can be seen in 
Figure |7(b)[ this is the case for all the SPSats 
points, verifying that the uncertainties taken into 
account when constructing our limits do indeed 
cover the variety of possible Natural-like SUSY 
spectra. In particular, the spread of the limits 
obtained for the SPSats points is about 100 GeV. 
This further confirms that our estimate of around 
100 GeV for the spectrum dependent systematic 
uncertainty, as obtained from the systematic vari- 
ations of NS4 and dominates the total system- 
atic error, is an appropriate uncertainty estimate. 
Therefore, our limits are applicable to spectra ex- 
hibiting a level of complexity similar to those pre- 
dicted in full SUSY models like the CMSSM. 

These two tests further highlight the fact that 
our gluino and third-generation squark mass lim- 
its are applicable to all Natural-like SUSY mod- 
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Figure 9. Illustrations of the SPSns Natural-like SUSY spectra used in our analysis. These spectra are 
obtained by transforming the original SPS benchmark points, by setting the first and second generation 
squark masses at the multi-TeV scale. Figures 9(a)\ to \9(f)\ show SPSla^s followed by SPSlb^s through 
to SPSSns- 
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Figure 10. Gluino and third- generation limit plots for two different 2012 scenarios. Figure 10(a) and 
Figure \10(h)\ show the gluino and third- generation mass limits, respectively, for the 2012 intermediate 
scenario. The corresponding limits for the prediction of the full 2012 dataset, combined between CMS and 
ATLAS, are shown in Figure 10(c) and Figure \10(d)\ For further details on the colour scheme used, see 
the text in SectionWA[ 
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5.3. Results based on a intermediate set of 
2012 searches 

The analysis as described in Section |5.1| has 
been repeated using the available y^s = 8 TeV 
updates. These correspond to only two out of the 



four CMS searches considered, the ax search 21 



and the same-sign dilepton search [22' , both with 
approximately 11 fb~ of integrated luminosity 
collected in 2012. These two searches are consid- 
ered in combination with the 2011 single-lepton 
and opposite-sign dilepton searches, and the anal- 
ysis chain is repeated. The results are sum- 
marised in the top panels of Figure [lO] and a sum- 
mary of these exclusion limits is provided in the 
middle section of Table |3] As can be seen, the 
addition of the 2012 searches improve the limits 
by around 100 GeV for low masses of the LSP, 
and around 50 GeV for high masses of the LSP. 

5.4. Prediction for the full 2012 data set 

As an outlook for the results of the full analysis 
from the 2012 dataset, we repeat the exercise in 
Section!] 



Section 



5.3 



5.3 



linearly scaling up all searches used in 
to an integrated luminosity of 40 fb^ 
each. Here, we make the assumption based on 
past experiences, that both the CMS and ATLAS 
searches possess similar sensitivities. 

The results of our prediction for the ultimate 
search reach of CMS and ATLAS combined are 
shown in the bottom panels of Figure [lOJ and a 
summary of these exclusion limits is provided in 
the lower third of Table [3j This outlook suggests 
that for low masses of the LSP, universal lim- 
its on gluino and third-generation squarks with 
masses nig « 1150 GeV and m^~Q « 675 GeV are 
expected. For high LSP masses, these universal 
limits are expected to decrease to rrig sa 650 GeV 
and TOgg, sa 500 GeV. 

Note added 

While this work was being completed, both the 
ATLAS and CMS collaborations released prelimi- 
nary results with SUSY searches based on the en- 
tire data set. These preliminary results confirm 
that our predictions for the analysis of the 2012 
dataset represents a reasonable approximation to 
the search reach that can be expected when the 



CMS and ATLAS results are combined. 

6. Summary and Conclusion 

Using our analysis framework, we have per- 
formed a reinterpretation based on a consis- 
tent set of four inclusive topology searches from 
the CMS experiment (zero-lepton, one-lepton, 
opposite-sign di-lepton, and same-sign di-lepton) . 
Extensive validation studies were carried out to 
ensure that our framework could reproduce the 
quoted experimental limits within acceptable un- 
certainties for each of these searches. We then 
combined the signal expectations from each of 
these searches simultaneously to obtain limits 
on the gluino mass, nig, and third-generation 
squark mass, ni^Q, where the latter represents 
the numerical average of the considered third- 
generation squark masses. Our mass limits were 
calculated using a simple reference spectrum NS4 
(see Figure |4(b)[ ) which is characteristic of the 
broad class of Natural-like SUSY spectra for 
which our limits are valid. In order to account 
for the important role of the LSP in the signal ac- 
ceptance of experimental searches, we calculated 
limits on nig and m^^ as a function of the mass 
of the LSP. 

On the basis of systematic studies for vari- 
ous incarnations of Natural-like SUSY spectra, 
we have demonstrated that, as expected, the 
limits of the individual searches exhibit strong 
dependencies on the underlying spectrum com- 
plexity. However, the combination of the inclu- 
sive topology searches yield limits that are far 
more stable with respect to the assumed under- 
lying complexity. In fact, within the uncertain- 
ties of our analysis, the results quoted in this pa- 
per represent universal limits on the gluino and 
third-generation squark masses in the context of 
Natural-like SUSY spectra. To further reinforce 
this point, we modified several of the historical 
SPS benchmark points (SPSla - SPS5) by remov- 
ing the first and second generation squarks and 
analysing them through our framework. For each 
of these points, we find exclusion confidence levels 
consistent with the expectations from our studies, 
as dependent on the gluino and third-generation 
squark masses. 
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(<100 GeV ) 


weakest limit 


« 550 GeV 

(« 450 GeV) 


« 400 GcV 
« (300 GeV) 


« 600 GcV 
(w 500 GeV) 


«550 GeV 
(«450 GeV) 




2012 intermediate 


strongest limit 


« 1050 GeV 
(< 100 GeV) 


« 575 GcV 
(< 100 GeV) 


« 1400 GeV 
(< 100 GeV) 


«775 GeV 
(<100 GeV ) 


weakest limit 


« 600 GeV 
(« 500 GeV) 


« 450 GcV 
« (350 GeV) 


« 650 GcV 
(w 550 GeV) 


«600 GeV 
(«500 GeV) 




2012 prediction 


strongest limit 


« 1150 GcV 
(< 100 GeV) 


« 675 GeV 
(< 100 GeV) 


« 1450 GeV 
(< 100 GeV) 


«800 GeV 
(<100 GeV ) 


weakest limit 


« 650 GeV 
(« 550 GeV) 


« 500 GeV 
« (400 GeV) 


w 750 GeV 
(« 650 GeV) 


«650 GeV 
(«550 GeV) 



Table 3 

An overview of the most important limits obtained from our study, shown separately for the different 
scenarios considered in this paper. The two left-hand columns show the universal limits on gluino and 
third- generation squark masses at the corresponding —la boundary, as defined by the outer perimeter of 
the red regions in Figure [^ and Figure | J0[ The two right-hand columns feature the spectrum dependent 
limits defined by the outer perimeter of the yellow area in the same Figures. 



Wc then provided these universal mass limits 
in three scenarios, where the first scenario sum- 
marises the final results of the 2011 data tak- 
ing. The second scenario provides a snapshot of 
the current status, based on a partial set of 2012 
searches, and the third scenario represents an out- 
look of how these limits might evolve with the full 
2012 data set with both the CMS and ATLAS 
experiments combined. To enable a fast interpre- 
tation of our limits to an arbitrary Natural-like 
SUSY spectrum, we define a very simple colour 
code in our corresponding results, referred to as 
"traffic light" plots, with three distinct regions. 
In this respect, we provide an alternative ap- 



proach for interpreting experimental limits, which 
follow the same format as those limits presented 
in the SMS scenarios by the LHC experiments. 
However, in contrast to those SMS limits, our 
"traffic light" plots are not just valid for one sim- 
ple decay chain, but are instead universal to a 
broad class of SUSY spectra. Therefore, this ap- 
proach enables an even broader application of ex- 
perimental limits without detailed theoretical as- 
sumptions. 

For an LSP mass of approximately 100 GeV, we 
find that based on the entire ^/s = 7 TeV dataset 
of 2011, the combination of the CMS searches 
exclude a universal, model independent gluino 
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mass of 



900 GcV and a third-generation 



squark mass of m. 



3G 

universal limits are extended to rrig 
and rn^-Q 



475 GeV. Today, these 
1050 GeV 
575 GeV. For the final result based 
on the entire 2012 dataset, and with both ex- 
periments combined, we expect that these limits 
could increase to rrig sa 1150 GeV and tn^Q sa 
675 GeV. This suggests that Natural SUSY sce- 
narios based on rather stringent fine-tuning re- 
quirements, which predict at least three third- 
generation squarks with masses well below 1 TeV, 
a gluino of a mass less than about 1.5 TeV, and 
higgsinos of masses below 0.5 TeV [9], are likely 
not completely ruled out. Therefore, the search 
for signals of gluino induced and direct third- 
generation squark production in the context of 
Natural-like SUSY, as well as SUSY signatures 
in general, will continue in 2015 when the LHC 
will come back online at a higher energy. 

Besides quantitatively establishing mass lim- 
its on gluino and third-generation squarks in the 
context of Natural-like SUSY spectra, our work 
strongly indicates that with the simple yet very 
powerful ansatz of combining a representative set 
of inclusive topology SUSY searches, it is possi- 
ble to determine universal mass limits on coloured 
sparticles for an even broader class of SUSY spec- 
tra. In the case of Natural-like SUSY spectra, we 
were able to demonstrate that the problem of es- 
tablishing universal limits based on the combina- 
tion of topology searches is governed by three pa- 
rameters, namely the gluino mass {rrig), the aver- 
age third-generation squark mass (rrigg.), and the 
mass of the lightest SUSY particle (rriLSp)- Pre- 
liminary studies indicate however, that extending 
this set of basic parameters to also include the 
average first and second generation squark mass 
("^12g)' ^^^^ allow us to establish universal lim- 
its for an even broader class of SUSY spectra. 
In fact, it seems possible that interpreting the 
combination of a consistent set of SUSY searches 
in the context of these four basic variables {rrig, 
"^i2G' '^3(3' ''^LSp) will provide universal limits 
on coloured sparticles that are valid for almost 
any arbitrary SUSY spectrum, within reasonable 
uncertainties. This extension to our work is still 
in progress and will be subject of another paper. 

This conclusion also reinforces the importance 



of inclusive topology searches in a general SUSY 
search strategy. These searches play an impor- 
tant role in obtaining both the best, and also 
the least model dependent limits on sparticle 
masses. They are also the key ingredient, like 
they were in 2010 and 2011, for the early phase 
of LHC running in 2015, where the new energy 
frontier will once again break new ground. For 
this reason, we see with some concern the re- 
cent increase in emphasis on searches dedicated 
to very specialised signatures, which often only 
probe with significance a handful of production 
and decay modes, e.g. direct or gluino mediated 
third-generation squark production. While such 
dedicated searches are useful to complement and 
refine the general search strategy for SUSY at 
the LHC, their limited scope and strong model- 
dependent assumptions should prevent them from 
becoming the core of the search programme. 
This role can only be filled by inclusive topol- 
ogy searches, which are defined by key experimen- 
tal signatures, such as missing transverse energy, 
multi-jets, jets coming from b-quarks, and possi- 
bly isolated leptons and photons in the final state. 
The return to a SUSY search strategy centred 
around inclusive topology searches, in which ded- 
icated and specialised searches complement the 
core of the programme, is crucial. This is espe- 
cially important as we enter into the preparatory 
phase for the higher energy running of the LHC 
in 2015, where we will once again have the best 
opportunity for discovery! 
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